Reuse of products, processes and other knowledge will be the key to enable the software industry to achieve the dramatic improvement in productivity and quality required to satisfy the anticipated growing demands. Although experience shows that certain kinds of reuse can be successful, general success has been elusive.
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A software life-cycle technology which allows comprehensive reuse of all kinds of software-related experience could provide the means to achieving the desired orderof-magnitude improvements.
In this paper, we introduce a comprehensive framework of models, model-based characterization schemes, and support mechanisms for better understanding, evaluating, planning,and supporting all aspects of reuse. With regard to software reuse we make the following assumptions:
• Modification can take place as part of actual reuse (i.e., the 'modify' within the reuse process model of Figure  2 ) and/or prior to actual reuse (i.e., as part of the re-packaging activity in Figure  2 ). 
Software Reuse Model Requirements
The above software reuse assumptions suggest that 'reuse' is a complex concept. We need to build models and characterization schemes that allow us to define and understand, compare and evaluate, and plan the reuse needs, the reuse candidates, the reuse process itself, and the potential for effective reuse. Based upon the above assumptions, such models and characterization schemes need to satisfy the following four requirements:
• Applicable to all types of reuse objects: We want to be able to include products, processes and all other kinds of knowledge such as quality and productivity models.
• Capable of modeling reuse candidates and reuse needs:
We want to be able to capture the reuse candidates as well as the reuse needs in the current project. This will enable us to (i)
judge the suitability of a given reuse candidate based on the distance between the characteristics of the reuse needs and the reuse candidate, and (ii) establish criteria for useful reuse candidates based on anticipated reuse needs.
• Capable of modeling the reuse process itself: We want to be able to (i) judge the ease of • The scheme provides no information for characterizing the reuse process.
To really predict the cost of reuse we do not only have to understand the distance to be bridged between reuse candidates and reuse needs, but also the intended process to bridge it (i.e., the reuse process). For example, it can be expected that it is easier to bridge the distance with respect to function by using a parameterized instantiation mechanism rather than modifying the existing package by hand.
• There is no explicit rationale for the eight dimensions of the example scheme. In summary, existing schemes -special purpose as well as meta schemes -only partially satisfy the requirements laid out above.
The most crucial shortcoming is the lack of rationales which makes it hard to tailor such schemes to changing needs and environment characteristics.
This observation suggests the need for new, broader reuse models and characterization schemes.
In the next section, we suggest a comprehensive reuse model and characterization schemes which satisfy all four requirements. Each rensc candidate is a specific object considered for reuse.
A COMPREHENSIVE REUSE
The object has various attributes that describe and bound it. Most objects are physically part of a system, i.e. they interact with other objects to create some greater object. If we want to reuse an object we must understand its interaction with other objects in the system in order to extract it as a unit, i.e. object interface. Objects were created in some environment which leaves its characteristics on the object, even though those characteristics may not be visible. We call this the object context.
Given reuse need8 may be satisfied by a set of reuse candidates. Therefore, we may have to consider different attributes.
The system in which the transformed object is integrated and the system context in which the system is developed must also be classified.
The reuse proce88 is aimed at extracting a reuse candidate from a repository based on the characteristics of the known reuse needs, and making it ready for reuse in the system and context in which it will be reused. The resulting model refinement is depicted in Figure 5a . A subset of this scheme has been used in Section 3. In contrast to Section 3, we now have (i) a rationale for these dimensions (see Figure  5a ) and (ii) understand that they cover only part (i.e., the reuse candidate) of the comprehensive reuse model depicted in Figure 4 .
Needed Objects
In order to characterize the needed objects (or reuse needs), we have chosen the same eleven dimensions and supporting categories as for the reuse candidates.
The resulting model refinement is depicted in Figure 5b: iiiiiil ii!i iiiiiiiili The distance between the characteristics of a reuse candidate and the needed object give an indication of the gap to be bridged in the event of reuse.
Reuse Process
The reuse process consists of several activities.
In the remainder of this paper, we will use a and introduce several prototype environments being built according to the TAME model.
5.1.

The Reuse
Oriented TAME Environment Model
The important components of the reuse oriented TAME environment model are depicted in 
Recording of Experience
The objective of recording experience is to create a repository of well specified and organized experience.
This requires a precise characterization of the reuse candidates to be recorded, the design and implementation of a comprehensive experience base, and effective mechanisms for collecting, qualifying, storing and retrieving experience. The characterization of reuse candidates is derived from characterizations of known reuse needs and reuse processes.The characterization of reuse candidates describeswhat information needs to be storedin addition to the objectsthemselves in order to make them reusable,and how it should be packaged. The experience base replacesthe project database of traditional environment models by the more comprehensive concept of an experience base which is intended to capture the entirebody of experience recorded during the planning and executionstepsof allsoftware projectswithin an organization.
Examples of recording experience include the storing of Ada generics,design inspection methods, and cost models. Based on our reuse model, Table 1 describesthe information needed in conjunction with each of these object types in order to make them likelyreuse candidates to satisfythe hypothetical reuse needs using the hypotheticalreuse processesdescribed in Tables 2   and 3 , respectively.For example, in the case of Ada generics,we may require each object to be augmented with information on the number of instantiation parameters, the applicationand solution domain, and the expected or demonstrated reliability. If we can quantify such information (e.g., Ada genericsdeveloped within ground support software projects, Ada genericswith lessthan 5 instantiation parameters are acceptable), we can use it to exclude inappropriate objects from being recorded in the first place.
Packaging of Experience
The objective of packaging experience is to increase its reuse potential. This requires a pre-ing experience prior to its potential reuse is to fine-tune a candidate reuse object to fit a specific task or exhibit special attributes, such as size or performance. We identify candidate objects based on some subset of the object related characteristics stated in Table 2 : string buffer.ada, string buffer, product, code document, package, Ada [28] . The more characteristics we use for identification, the smaller the resulting set of candidate objects will be.
For example, if we include the name itself, we will either find exactly one object or none.
Identification may take place during any project stage. We will assume that the set of successfully identified reuse candidates contains 'buffer.aria', the object characterized in Table 1 .
5.2.4.
Evaluation of Experience
The objective of evaluating experience is to characterize the degree of discrepancies between a given set of reuse needs (see Table 2 ) and some identified reuse candidate ( Table 3 ). The remaining two discrepancies cannot be evaluated based on the information avail- object oriented experience base, the fine--tuning of a cost model to the specific characteristics of a class of projects, and the adjustment of a design inspection method to focus on the class of defects common to the application.
5.3.
TAME Environment Prototypes
In the TAME (Tailoring A Measurement Environment) project, we investigate fundamental issues related to the reuse-(or improvement-) oriented software environment model of Figure  6 and build a series of (partial) • Support for identifying objects by browsing through projects, goals and processes based on a facet-based characterization mechanism.
• Support for the generalization, tailoring, and integration of a variety experience types based on an object oriented experience base model.
• Support for the definition of environment specific cost and resource allocation models and their tailoring, generalization and formalization based on project experience.
• Support for the definition of test techniques in terms of entry and exit criteria that provides a method for selecting the appropriate technique for each project phase based on environment characteristics, data models, and project goals.
• Support for the definition of process models and their formalization, generalization and tailoring based on project experience.
• Support for an experiencefactoryarchitecturethat supports the evolutionof the organization.
CONCLUSIONS
We have introduced a comprehensive reuse framework consistingof reuse models, modelbased characterizationschemes, the TAME environment model supporting the integration of reuse into software development, and ongoing research and development effortstoward a TAME Finally,we introduced the TAME environment model which supports the integration of reuse into software developments. Several partial instantiationsof the TAME environment model, currently being developed at the University of Maryland, have been mentioned. In order to make reuse a reality,more research is required towards understanding and conceptualizing activities and aspectsrelatedto reuse,learningand experience factory technology.
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